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OBJECTIVES This retrospective study sought to assess differences in graft patency and clinical outcome
between women and men after coronary artery bypass graft surgery (CABG).
BACKGROUND A less favorable clinical outcome has been reported in women as compared with men. Its
relation to graft patency has not been studied.
METHODS We analyzed one-year follow-up data of 912 patients (120 women) who entered a
randomized clinical drug trial. All patients received vein grafts; in 494 patients (56 women)
internal mammary artery (IMA) grafts were also used. Graft patency was assessed by coronary
angiography at one year. Primary clinical end points were myocardial infarction, revascular-
ization procedures and death; secondary clinical end points included recurrent angina, heart
failure and arrhythmias.
RESULTS Occlusion rates of vein grafts were 16.7% in women and 12.4% in men (odds ratio [OR] 1.62,
95% confidence interval [CI] 0.88 to 3.00, p 5 0.12); occlusion rates of IMA grafts were 3.4%
and 5.7% in women and men, respectively (OR 0.56, 95% CI 0.08 to 3.96, p 5 0.56). Primary
clinical end points were observed in 16.7% of women and 9.2% of men (OR 1.97, 95% CI
1.10 to 3.34, p 5 0.022), and any clinical end point in 41.7% of women and 25.8% of men
(OR 2.06, 95% CI 1.39 to 3.04, p 5 0.0004). Myocardial infarction (15% vs. 7.6%, OR 2.15,
95% CI 1.24 to 3.75, p 5 0.013) and recurrent angina (26.7% vs. 15.4%, OR 2.00, 95% CI
1.28 to 3.11, p 5 0.004) occurred most frequently. Multivariate regression analysis did not
identify gender as an independent risk factor for graft occlusion or the clinical end points.
Graft occlusion was an independent predictor of the composite primary clinical end point
(OR 2.75, 95% CI 1.59 to 4.75, p 5 0.0003) and each of the secondary clinical end points.
The observed differences were due to an imbalance of risk factors at baseline and to surgical
and graft characteristics.
CONCLUSIONS One-year occlusion rates of vein and IMA grafts were comparable in women and men.
Clinical outcome was related to graft patency and was less favorable in women owing to their
uneven distribution of risk factors among both groups. (J Am Coll Cardiol 1999;34:1760–8)
© 1999 by the American College of Cardiology
Several studies have suggested that the results of coronary
artery bypass graft surgery (CABG) in women are less
favorable than in men. Two studies demonstrated lower
graft patency rates in women (1,2). However, coronary
angiography was performed in a small proportion of patients
in these retrospective studies, in most cases because of
recurrent angina. Clinical outcome, particularly operative
mortality, has been studied much more extensively. Women
showed higher rates of mortality (3), myocardial infarction
(MI) (4) and recurrent angina (2,5). Obvious differences
between women and men were not found after adjustment
for various risk factors (2,3,6). Whether the reported dif-
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ferences in clinical outcome are related to graft patency
remains to be clarified. The results of today’s surgical repair
in women may have been improved by changes in surgical
techniques, arterial grafts and antithrombotic drugs. To
compare graft patency and clinical outcome in women
versus men and to assess their relation, we performed a
retrospective analysis of the data obtained in a randomized
clinical trial—prevention of Coronary Artery Bypass graft
occlusion by Aspirin, Dipyridamole and Acenocoumarol/
phenoprocoumon Study (CABADAS) (7). This trial was
designed to compare the effects of low dose aspirin, alone or
in combination with dipyridamole, and oral anticoagulant
agents on vein graft occlusion during the first year after
CABG.
METHODS
Study design and patients. Study design, selection criteria
and review procedures for assessment of end points have
been described previously (7). In brief, 948 patients who
underwent elective CABG with saphenous vein grafts for
disabling angina were entered into the trial by 10 partici-
pating centers between July 1987 and August 1990. Of
these, 494 (56 women and 438 men) received internal
mammary artery (IMA) grafts in addition to vein grafts.
Exclusion criteria included age .70 years, unstable angina
,2 days or MI 7 days before the operation, previous or
concurrent cardiac surgery, impaired renal or hepatic func-
tion, concomitant severe disease and the inability to repeat
coronary angiography owing to allergy to a contrast agent.
Written, informed consent from all patients was obtained.
The protocol was approved by the Ethics Committee of
each participating hospital. Patients were assigned randomly
to treatment with aspirin, aspirin plus dipyridamole or oral
anticoagulant agents (acenocoumarol or phenoprocoumon)
for at least one year after the operation. They were stratified
per center. Saphenous vein and IMA grafts were implanted
according to the routine techniques of each participating
hospital. The decision to use IMA grafts was made by the
surgeon. The lumen of the grafted coronary artery was
measured by calibrated probes at the arteriotomy site and as
distal as possible. Coronary endarterectomy was performed
in diffusely diseased native arteries at the discretion of the
surgeon. Total postoperative blood loss through chest tubes,
required red blood cell transfusions, cardiopulmonary bypass
time, early reoperation rates (within 24 h) and operative
mortality (within 30 days) were recorded. After discharge
from the hospital, follow-up visits were scheduled at three-
month intervals and coronary angiography was performed
one year after the operation. At follow-up visits clinical and
laboratory data were collected and an electrocardiogram
(ECG) was recorded. A questionnaire was addressed to the
cardiologist one year after the operation to complete clinical
follow-up data if a patient had been withdrawn from the
trial. Coronary angiography was not repeated if it had been
obtained for medical reasons .9 months after the operation
or if an earlier angiogram already showed graft occlusion
according to the protocol of the original vein graft patency
study.
Angiographic end points. Grafts were visualized by selec-
tive injection. If the origin of a vein graft could not be
engaged selectively, aortic root angiography was performed.
A vein graft was defined as occluded if either 1) the
occluded origin was visualized selectively; 2) the origin
could not be visualized selectively and the contrast agent
failed to flow through the graft into the grafted artery on
aortic root angiography; or 3) one or more distal anastomo-
ses appeared to be occluded. An arterial graft was defined as
occluded if occlusion was visualized at selective injection. A
distal anastomosis was defined as occluded if the contrast
agent failed to flow from the graft into the grafted artery. If
the graft was occluded at its origin, all associated distal
anastomoses were considered occluded, unless a retrograde
flow of contrast agent from the grafted artery into the graft
was demonstrated. An arterial graft was classified undefined
if selective injection failed for technical reasons and no
retrograde filling of the graft with contrast agent at coronary
angiography was demonstrated. Angiograms were reviewed
by experienced independent cardiologists and members of
the angiographic classification committee, and a consensus
was reached.
Clinical end points. Primary clinical end points were MI,
the need for revascularization procedures (percutaneous
transluminal coronary angioplasty or repeat CABG) and
death. Myocardial infarction was classified according to
strict ECG criteria, including the development of signifi-
cant Q waves in anterior, lateral or inferior regions, loss of
the R wave in lateral leads or a new tall R wave pattern for
posterior infarction (8). Enzyme criteria were not used in
the immediate postoperative phase. A 12-lead ECG was
made in all patients on the day before the operation, the first
postoperative day, the day before hospital discharge and at
each of the three-month follow-up visits. Additional ECGs
were available if an MI had been suspected. Electrocardio-
grams of all patients were reviewed by an independent
blinded classification committee, whether MI was reported
by the patient’s cardiologist or not. Death was classified as
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cardiac or noncardiac according to clinical evidence or
necropsy findings. Secondary clinical end points were resid-
ual or recurrent angina, heart failure and symptomatic
arrhythmias. All reported events were reviewed by the
classification committee.
Statistical analysis. We aimed to compare the incidence of
graft occlusion and clinical end points between women and
men. Occlusion rates were analyzed by logistic regression
with random effects, considering that patients represent
clusters of distal anastomoses and the dependence of grafts
with respect to occlusion within the same patient (9).
Clinical outcome was analyzed by comparison of 1) the
incidence of individual clinical end points; 2) the proportion
of patients who experienced at least one primary clinical end
point; and 3) the proportion of patients with any primary or
secondary clinical end point. A difference was quantified by
the odds ratio (OR) and its 95% confidence interval (CI). If
the 95% CI did not encompass 1, the difference was
statistically significant at a 5% level. The groups were
compared with respect to baseline characteristics, cardiopul-
monary bypass time, blood loss and transfusion require-
ments by the chi-square test or the Fisher exact test for
qualitative variables. The Student t test or the Mann-
Whitney U test was used for quantitative variables. Contin-
uous variables, unless indicated, are expressed as the mean
value 6 SD. All tests were two-tailed. A p value ,0.05 was
considered to indicate statistical significance.
The random-effects logistic regression analysis was ap-
plied to assess independent predictors of graft occlusion
(10), and multivariate logistic regression analysis was used to
evaluate clinical end points. Analysis included all patients
conforming to the protocol of the original vein graft patency
study. Patients who withdrew their consent before the start
of the trial medication or in whom the surgeon decided
peroperatively to use only IMA grafts were excluded accord-
ingly.
RESULTS
Patients. Of 948 patients who entered the original trial,
912 (120 women and 792 men) were eligible for analysis of
clinical outcome at one-year follow-up. Exclusion was due
to withdrawal of consent before the start of assigned drug
therapy in seven patients and to only arterial grafting in 29
patients. Analysis of graft patency comprised 786 patients
(95 women [79%] and 691 men [87%]). Repeat coronary
angiography was not available in 126 patients owing to
death, withdrawal from the trial or failure of the angio-
graphic procedure. The IMA was used as an additional
bypass conduit in 494 patients (56 women [47%] and 438
men [63%]). Baseline clinical characteristics are summarized
in Table 1. Compared with men, women were older, had a
higher body mass index, systolic blood pressure and serum
total cholesterol level. They had more severe angina and
more frequently used nitrates. Furthermore, more women
had diabetes mellitus. Men were more frequently smokers.
Graft patency. Distal anastomoses averaged 3.6 (vein 3.0,
IMA 0.6) in women and 3.8 (vein 3.0, IMA 0.8) in men
(Table 2). Single and sequential grafts were equally distrib-
uted among the groups. There were no differences between
women and men with respect to the location of vein grafts
on coronary arteries. Vein grafts were more frequently
placed onto small vessels in women. The IMA grafts were
somewhat more frequently placed onto the left anterior
descending coronary artery in men, whereas there were no
differences in the size of coronary arteries receiving IMA
grafts.
Occlusion rates by distal anastomosis are shown in Table
3. Of vein grafts 16.7% were occluded in women and 12.4%
in men (OR 1.62, 95% CI 0.88 to 3.00, p 5 0.12).
Occlusion rates of IMA grafts were 3.4% in women and
5.7% in men (OR 0.56, 95% CI 0.08 to 3.96, p 5 0.56).
Subgroup analysis showed no differences between women
and men (Table 4). The highest occlusion rates were
observed for vein grafts onto small-sized coronary arteries
(lumen diameter #1.0 mm). Endarterectomy was per-
formed in 70 vessels with vein grafts (2.6% of all distal sites)
and eight vessels with IMA grafts (1.2% of all distal sites)
and did not affect the results. Random-effects logistic
regression analysis identified the next risk factors for graft
occlusion: diabetes mellitus, baseline serum high density
lipoprotein cholesterol level, type of distal anastomosis
(end-to-side versus side-to-side), location of distal anasto-
mosis (compared with left anterior descending coronary
artery), lumen diameter (#1 mm) of the recipient coronary
artery, cardiopulmonary bypass time (.90 min), no admin-
istration of protamine sulfate at the end of the operation and
postoperative values of hematocrit (.35%) and number of
platelets. Gender was not selected as an independent pre-
dictor of graft occlusion.
Blood loss, transfusion requirements and reoperation.
The mean 6 SD volume of blood loss by chest tube
drainage was 874 6 609 ml in women versus 1,025 6
669 ml in men (p 5 0.024). The median transfusion
requirement for red blood cells was two (donor) units (range
0 to 9) in women versus one unit (range 0 to 13) in men
(p 5 0.001). Cardiopulmonary bypass time did not differ
between women (99 6 33 min) and men (96 6 32 min)
(p 5 0.53). Early reoperation rates (within 24 h) were 8.3%
in women and 3.8% in men (p 5 0.031). Operative
mortality (within 30 days) was 0.8% in women and 0.6% in
men (p 5 0.57).
Clinical outcome. Rates of clinical end points are shown in
Table 5. Myocardial infarction occurred in 15.0% of women
and 7.6% of men (OR 2.15, 95% CI 1.24 to 3.75, p 5
0.013). Of the 78 MIs, 67 (86%) were observed during the
perioperative period; 17 (94%) of 18 in women and 50
(83%) of 60 in men. Revascularization procedures were
performed during follow-up in 0.8% of women and 1.0% of
men. Of 16 patients who died, a cardiac cause was found in
10 (2 women, 8 men), bleeding in 4 (1 woman, 3 men) and
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thrombosis in 2 (0 women, 2 men). Bleeding was due to a
ruptured aortic aneurysm (n 5 2) and massive gastric and
cerebral bleeding, and the patients with thrombosis had
ischemic stroke and pulmonary embolism. Cardiac causes of
death were perioperative MI (n 5 4) or its late complica-
tions (n 5 3), sudden death (n 5 2) and ventricular
arrhythmia (n 5 1).
Angina at any time during the one-year follow-up period
was reported by 26.7% of women and 15.4% of men (OR
2.00, 95% CI 1.28 to 3.11, p 5 0.004). At the end of the
first year, 85.0% of women and 91.7% of men were free of
angina (p 5 0.005). The overall primary event rate was
higher in women than in men (16.7% vs. 9.2%, OR 1.97,
95% CI 1.16 to 3.34, p 5 0.02), as was the overall event
rate, including primary and secondary clinical end points
(41.7% vs. 25.8%, OR 2.06, 95% CI 1.39 to 3.04, p 5
0.0005). Multivariate regression analysis did not select
female gender as an independent predictor of either MI or
angina (Table 6). Severity of angina, systolic blood pressure,
height and serum triglyceride level at baseline, as well as
required transfusions of red blood cells at the operation were
identified as independent risk factors for MI. Risk factors
for recurrent angina were age, height, nonsmoking and
treatment with calcium antagonists before the operation,
postoperative hematocrit and graft occlusion. None of the
remaining clinical end points was related to gender. In
contrast, graft occlusion showed to be an independent risk
factor for the need for revascularization procedures (OR
13.21, 95% CI 1.56 to 111.71, p 5 0.018), heart failure (OR
4.32, 95% CI 1.54 to 12.11, p 5 0.005) and arrhythmia
(OR 3.03, 95% CI 1.28 to 7.16, p 5 0.012). Severity of
angina at baseline, required transfusions of red blood cells
and graft occlusion were predictors of the composite pri-
mary clinical end point (Table 6).
DISCUSSION
This study showed that gender is not a risk factor for graft
occlusion and cardiovascular events in the first year after
CABG, although the opposite was suggested by the ob-
served differences between women and men.
Graft occlusion. Vein graft occlusion rates tended to be
higher in women, probably because of an uneven distribu-
tion of grafts to small-sized (#1 mm) coronary arteries.
However, the observed differences did not achieve statistical
significance. These grafts, which are more prone to occlude,
were more frequently found in women, as expected because
of their smaller stature (1). Occlusion rates of IMA grafts
were similar in women and men, but apparently lower than
those of vein grafts. As we demonstrated previously, this
difference is related to an imbalance of graft characteristics,
like location of distal anastomosis and diameter of the
Table 1. Baseline Clinical Characteristics of 912 Patients
Women
(n 5 120)
Men
(n 5 792)
p
Value
Age (yr) 61 6 7 58 6 8 0.0001
Weight (kg) 71 6 9 79 6 10 0.0001
Height (cm) 162 6 6 174 6 7 0.0001
Body mass index (kg/m2) 26.9 6 3.6 26.1 6 2.8 0.011
Blood pressure (mm Hg)
Systolic 145 6 24 135 6 20 0.0001
Diastolic 83 6 11 82 6 10 0.39
Angina in NYHA functional class (%) 0.039
II 22 32
III 59 55
IV 19 13
History of MI (%) 46 54 0.096
Diabetes mellitus (%) 19 8 0.0004
Smoking (%) 53 83 , 0.0001
Medication before operation (%)
Nitrates 87 77 0.017
Beta-blockers 81 74 0.14
Calcium antagonists 67 64 0.68
Lipid-lowering drugs 12 11 0.88
Oral anticoagulants* 16 16 1
Platelet inhibitors* 12 17 0.15
Total cholesterol (mmol/liter) 7.3 6 1.2 6.9 6 1.3 0.0012
HDL cholesterol (mmol/liter) 1.0 6 0.5 1.0 6 0.5 0.53
Triglycerides (mmol/liter) 2.6 6 1.7 2.8 6 1.6 0.36
*Oral anticoagulants and platelet inhibitors were discontinued at least 5 and 14 days, respectively, before the operation. Data are
presented as the mean value 6 SD, unless otherwise indicated.
HDL 5 high density lipoprotein; MI 5 myocardial infarction; NYHA 5 New York Heart Association.
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recipient coronary artery, rather than graft material (11).
The only two previous studies that reported on gender-
related differences in graft patency showed higher occlusion
rates of vein and IMA grafts in women at an average
follow-up of two years (1,2). The results of these studies
may have been biased by selection. Coronary angiography
was performed in 16% and 19% of women and 18% and
23% of men with vein and IMA grafts, respectively, and in
a majority of cases because of recurrent angina. In our study,
79% of women and 87% of men underwent coronary
angiography, whether they experienced angina or not;
asymptomatic women refused coronary angiography more
frequently than did men.
Clinical outcome. Pronounced differences between
women and men were observed. Women revealed an ap-
proximately twofold higher risk of MI, recurrent or residual
angina and composite clinical end points. Analysis of the
most common events (i.e., MI and angina) identified the
patient’s height as an independent risk factor, whereas
gender did not contribute to the observed differences.
Consequently, women are at higher risk, as they commonly
are smaller than men. Myocardial infarction mainly oc-
curred within the first postoperative days (women 14.2%
and men 6.3%), whereas its rate was low and equal in
women and men for the remaining follow-up period (0.8%
vs. 1.3%). The perioperative difference between both groups
Table 2. Baseline Graft Characteristics of 912 Patients
Women Men p Value
Vein grafts
Graft type (per patient) 0.52
Single grafts 139 6 1.1 783 6 1.0
Sequential grafts 92 6 0.8 593 6 0.7
Distal anastomoses (per patient) 365 6 3.0 2,355 6 3.0
Location of distal anastomosis (%) 0.29
LAD 16 13
D 16 16
LCx 38 42
RCA 30 29
Diameter of recipient artery (%) 0.025
#1.0 mm 17 11
1.1–1.5 mm 49 54
1.6–2.0 mm 27 29
.2.0 mm 7 6
Arterial grafts
Graft type (per patient) 0.36
Single grafts 46 6 0.4 335 6 0.4
Sequential grafts 13 6 0.1 136 6 0.2
Distal anastomoses (per patient) 72 6 0.6 618 6 0.8
Location of distal anastomosis (%) 0.059
LAD 72 68
D 22 24
LCx 4 8
RCA 2 0
Diameter of recipient artery (%) 0.72
#1.0 mm 7 4
1.1–1.5 mm 40 39
1.6–2.0 mm 40 42
.2.0 mm 13 15
Data are presented as the mean value 6 SD, unless otherwise indicated.
D 5 diagonal coronary artery; LAD 5 left anterior descending coronary artery; LCx 5 left circumflex coronary artery;
RCA 5 right coronary artery.
Table 3. Graft Occlusion Rates at One Year
Distal
Anastomoses Women Men
OR
(95% CI) p Value
Vein 16.7 (293) 12.4 (2,025) 1.62 (0.88–3.00) 0.12
Artery 3.4 (59) 5.7 (492) 0.56 (0.08–3.96) 0.56
Data are presented as percentage occluded (total no.). Comparisons were made by ratio estimate analysis.
CI 5 confidence interval; OR 5 odds ratio.
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probably reflects technical difficulties of grafting small
coronary arteries and an a priori higher risk of occlusion for
these grafts. Recurrent or residual angina, though reported
more frequently by women, did not influence the need for
repeat revascularization procedures. As angina is subjective,
it might have been more readily reported by women.
However, this explanation is unlikely, because the difference
could not be attributed to gender. Moreover, angina was
found to be related to graft occlusion. Our findings are in
agreement with the results of the few previous studies that
addressed gender-related differences in clinical outcome,
other than mortality (2,4,5,12).
One-year mortality was somewhat higher in women than
in men (2.5% vs. 1.6%), but operative mortality was low and
Table 4. Graft Occlusion Rates According to Location of Distal Anastomosis and Coronary
Artery Lumen Diameter
Women Men p Value
Vein grafts
Location of distal anastomosis
LAD 14.3 (42) 7.4 (258) 0.14
D 8.5 (47) 13.2 (327) 0.48
LCx 17.7 (113) 12.3 (854) 0.13
RCA 20.9 (91) 14.5 (586) 0.12
Lumen diameter
#1.0 mm 29.3 (41) 22.2 (189) 0.42
1.1–1.5 mm 17.7 (153) 13.2 (1050) 0.17
1.6–2.0 mm 9.5 (74) 8.4 (551) 0.62
.2.0 mm 10.5 (19) 12.4 (121) 1.00
Arterial grafts
Location of distal anastomosis
LAD 2.2 (45) 5.6 (337) 0.49
D 8.3 (12) 5.2 (116) 0.51
LCx 0.0 (2) 7.9 (38) 1.00
RCA — (0) 0.0 (1) —
Lumen diameter
#1.0 mm 50.0 (4) 4.8 (21) 0.057
1.1–1.5 mm 0.0 (24) 3.4 (177) 1.00
1.6–2.0 mm 0.0 (22) 8.9 (202) 0.23
.2.0 mm 0.0 (7) 2.9 (69) 1.00
Data are presented as percentage occluded (total no.).
Abbreviations as in Table 2.
Table 5. Clinical Outcome at One Year
Women
(n 5 120)
Men
(n 5 792)
OR
(95% CI)
p
Value
Primary clinical end points
Myocardial infarction 15.0 (18) 7.6 (60) 2.15 (1.24–3.75) 0.013
Revascularization 0.8 (1) 1.0 (8) 0.82 (0.10–6.63) 1.00
PTCA 0.8 (1) 0.4 (3)
CABG 0.0 (0) 0.6 (5)
Death 2.5 (3) 1.6 (13) 1.54 (0.44–5.43) 0.46
Secondary clinical end points
Angina 26.7 (32) 15.4 (122) 2.00 (1.28–3.11) 0.004
Heart failure 4.2 (5) 1.8 (14) 2.42 (0.88–6.63) 0.092
Arrhythmia
Supraventricular 1.7 (2) 2.8 (22) 0.59 (0.14–2.52) 0.76
Ventricular 1.7 (2) 0.6 (5) 2.67 (0.55–13.07) 0.23
Any clinical end point
Primary 16.7 (20) 9.2 (73) 1.97 (1.16–3.34) 0.022
Primary or secondary 41.7 (50) 25.8 (204) 2.06 (1.39–3.04) 0.0004
Data are presented as percentage (number) of patients with events.
CABG 5 coronary artery bypass graft surgery; CI 5 confidence interval; OR 5 odds ratio; PTCA 5 percutaneous
transluminal coronary angioplasty.
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equal in the two groups (0.8% vs. 0.6%). Since 1975,
23 studies consistently reported an approximately twofold
higher hospital mortality rate in women (3). This difference
has been explained by exposure to risk factors, more fre-
quently found in women (13,14). The low mortality and
absence of a difference between women and men in our
study, despite an imbalance of risk factors similar to previ-
ous studies, may be due to exclusion of patients who
required an urgent operation.
Relation of graft occlusion and clinical outcome. Graft
occlusion was not identified as a risk factor for MI and
death, in contrast with the other clinical end points. This
lack of a relation might be explained by missing angio-
graphic data. Coronary angiography was not performed in
31% of patients with MI, as compared with 12% of patients
without MI. Only one of 16 patients who died had
undergone angiography. Autopsy in five patients showed
graft occlusion in one of three with cardiac death and in one
of two with noncardiac death. These numbers were too
small for analysis. Furthermore, graft occlusion at time of
MI, mostly in the first postoperative days, may not have
been detected by angiography at one year owing to restored
patency.
Surgical bleeding as a risk factor. Multivariate analysis
identified determinants of surgical bleeding as risk factors
for graft occlusion and recurrent angina (hematocrit .35%
at discharge) and MI (number of transfusions). This finding
seems to agree with the results of a recent study that showed
an increased perioperative mortality in women owing to
major bleeding (3). The higher rate of early reoperations in
women in our study reflected the higher risk of surgical
bleeding, probably related with technical difficulties in
smaller patients, but it did not influence operative mortality.
Remarkably, women had less blood loss, even after correc-
tion for their smaller body size, while they received more
transfusions. An excess of transfusions in women, and hence
a relatively higher postoperative hematocrit and higher
blood viscosity, may explain this discrepancy, as well as the
relation between transfusions, postoperative hematocrit,
graft occlusion and clinical outcome. Women already have a
physiologically lower hematocrit before operation and tol-
erate a lower postoperative level than do men. They will
show a stronger decline of hematocrit by hemodilution
during cardiopulmonary bypass owing to their smaller body
size. As transfusions are commonly given to women and
men at the same hematocrit level, women thus may receive
an excess of transfusions. The resultant higher blood vis-
cosity, together with the smaller size of coronary arteries,
may have contributed to early graft occlusion and perioper-
ative MI in women. Our observation is supported by the
results of another study that demonstrated an increased risk
of MI, more severe left ventricular dysfunction and a higher
mortality rate at a postoperative hematocrit value $34%
(15).
Potentially confounding factors. It has been suggested
that clinical outcome in women is impaired because they are
referred later in the course of their disease, thereby more
frequently revealing unstable angina before the operation
(16,17). Furthermore, revascularization might be more
complex and less complete in women owing to their smaller
stature and, consequently, smaller coronary arteries (1,4,18).
Table 6. Multivariate Logistic Regression Analysis of Myocardial Infarction, Recurrent Angina and Any Primary Clinical End Point
Variable b (SE) OR (95% CI) p Value
Myocardial infarction
Female gender 0.404 (0.360) 1.50 (0.74–3.03) 0.26
Angina, NYHA functional class III or IV 0.950 (0.347) 2.59 (1.31–5.11) 0.006
Systolic blood pressure .120 mm Hg 0.823 (0.373) 2.28 (1.10–4.73) 0.027
Height #178 cm 0.992 (0.432) 2.70 (1.16–6.29) 0.022
Triglyceride level .3.37 mmol/liter 0.893 (0.298) 2.44 (1.36–4.38) 0.003
Transfusion 1.100 (0.364) 3.00 (1.47–6.12) 0.003
Recurrent angina
Female gender 0.633 (0.368) 1.88 (0.92–3.87) 0.086
Age #59 years 0.767 (0.284) 2.15 (1.24–3.76) 0.007
Height #178 cm 0.899 (0.373) 2.46 (1.18–5.10) 0.016
Nonsmoker 0.618 (0.300) 1.86 (1.03–3.34) 0.039
Calcium antagonists 0.789 (0.317) 2.20 (1.18–4.09) 0.013
Postoperative hematocrit level .35% 0.583 (0.287) 1.79 (1.02–3.15) 0.042
Graft occlusion 1.081 (0.267) 2.95 (1.75–4.97) 0.0001
Any primary clinical end point
Female gender 0.248 (0.368) 1.28 (0.62–2.63) 0.50
Angina, NYHA functional class II or IV 0.967 (0.376) 2.63 (1.26–5.49) 0.010
Transfusion 1.115 (0.360) 3.05 (1.51–6.17) 0.002
Graft occlusion 1.010 (0.280) 2.75 (1.59–4.75) 0.0003
Complementary variables were used as references.
CI 5 confidence interval; NYHA 5 New York Heart Association; OR 5 odds ratio.
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In our study, patients who experienced unstable angina ,2
days or MI ,7 days before the operation were excluded.
Revascularization was extensive and comparable in women
and men (3.6 and 3.8 distal anastomoses, respectively). The
smaller proportion of women (47%), as compared with men
(63%), in whom IMA grafts were used might have favored
clinical outcome in men, as arterial grafting has been
associated with improved morbidity and mortality (19,20).
This assumption, however, was not supported by the
present analysis. Previously, we demonstrated no difference
in clinical outcome between patients who received both
IMA and vein grafts and those who received only vein grafts
(11). Finally, we considered the possibility that clinical
outcome in women had been influenced by aspirin, as it has
been suggested that this drug is less effective in the preven-
tion of cardiovascular events in women as compared with
men (21,22). We found no differences in graft patency and
clinical outcome between women and men, comparing
treatment with aspirin versus oral anticoagulants (data not
shown).
One might speculate that the worse clinical outcome in
women is related to progression of atherosclerosis in native
coronary arteries rather than graft occlusion, considering the
discrepancy of a pronounced difference in clinical outcome
and a statistically nonsignificant difference in graft occlusion
rates between women and men. Although antithrombotic
drugs largely maintain graft patency, they may be insuffi-
cient to delay progression of atherosclerosis, especially in
women, who are more extensively exposed to risk factors.
Previous studies showed a similar maldistribution of risk
factors (6,13,14). It should be noticed, however, that MI, a
major determinant of clinical outcome, mostly occurred
within the first postoperative days.
Clinical implications. Assuming that clinical outcome af-
ter CABG in women depends on progression of atheroscle-
rosis in native coronary arteries, further attempts to improve
the results of the operation should be aimed at reducing the
risk factors for atherosclerosis. Women, as well as men, may
benefit from such an approach, as has been demonstrated
for lipid-lowering drugs (23) and discontinued smoking
(24). An important risk factor for graft occlusion is the
lumen diameter of the grafted coronary artery. As small-
sized coronary arteries are more common in women owing
to their smaller stature, improvement by modification of this
risk factor can hardly be obtained. This emphasizes the need
for an appropriate drug regimen to maintain graft patency.
Considering the technical difficulties of operating on small
patients, improved techniques may still contribute to a
reduction of early graft occlusion, as well as a critical
reappraisal of current criteria for transfusions.
Study limitations. This study was performed retrospec-
tively in patients ,70 years old who underwent elective
CABG. It is possible that the observed lack of a statistically
significant difference in vein graft occlusion rates between
men and women was related to an insufficient number of
women. However, it is one of the largest studies in which
consecutive patients were scheduled prospectively for repeat
coronary angiography at one year postoperatively. More-
over, it is one of the few studies that assessed both patency
of vein and IMA grafts and clinical outcome. Thereby, this
study enabled us to analyze the relation between clinical
outcome and graft patency. Another limitation is its short
follow-up of one year. This was appropriate to assess the
effects of antithrombotic drugs in the prevention of vein
graft occlusion, the primary aim in the original trial.
Extrapolation of the results to a longer term is not allowed.
One might wonder whether the results of this study are
applicable to current practice. The IMA grafts were used in
;50% of patients because of the design of the original trial,
which primarily addressed vein grafting. Moreover, only
13% of patients were women, although this represented the
national rates at that time. However, neither gender nor
graft material was identified as a determinant of graft
patency and clinical outcome at one year. Therefore, it is not
likely that our analysis of risk factors has lost its validity only
by changes in the proportion of women or patients with
IMA grafts.
Conclusions. The present study showed a relation between
graft patency and clinical outcome. Occlusion rates of vein
and arterial grafts at one year after CABG were comparable
in women and men. A pronounced less favorable clinical
outcome in women was not related to gender, but to an
uneven distribution of risk factors among both groups.
APPENDIX
Of 35 variables, the following were selected by univariate
analysis at a p value ,0.20 and entered into the logistic
regression analysis of risk factors for angiographic and
clinical end points. In previous studies body surface area has
been used instead of height, although height correlates
better with lean body mass and therefore might be more
predictive of coronary artery size. We used height because it
was selected by univariate analysis in contrast with body
surface area.
Graft occlusion: graft material (IMA or vein), number of
distal anastomoses per graft, type of distal anastomosis
(end-to-side or side-to-side), location of distal anastomosis,
lumen diameter of the recipient coronary artery, gender,
height, angina New York Heart Association (NYHA)
functional class (baseline), diabetes mellitus (baseline),
blood pressure (baseline), serum high density lipoprotein
cholesterol (baseline), assigned trial medication, concomi-
tant medication (i.e., lipid-lowering drugs [baseline]), car-
diopulmonary bypass time, administration of protamine
sulfate at the end of surgery, postoperative hematocrit,
postoperative number of platelets and center.
Myocardial infarction: gender, height, angina NYHA
functional class (baseline), history of hyperlipidemia, sys-
tolic blood pressure (baseline), serum triglyceride (baseline),
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transfusion requirement at operation, graft occlusion (at one
year) and center.
Recurrent angina: gender, age, height, smoking (baseline),
concomitant medication (i.e., calcium antagonists [base-
line]), postoperative hematocrit, graft occlusion (at one
year) and center.
Revascularization: number of distal anastomoses and graft
occlusion.
Heart failure: gender, age, angina NYHA functional class
(baseline), history of MI, history of hyperlipidemia, diabetes
mellitus (baseline), concomitant medication (i.e., beta-
blocking agents [baseline]), transfusion required at opera-
tion, MI (follow-up), revascularization procedures (follow-
up), graft occlusion (at one year) and center.
Arrhythmia: age, weight, angina NYHA functional class
(baseline), history of MI, history of hyperlipidemia, serum
cholesterol (baseline) and center.
Composite primary clinical end point: gender, age,
height, weight, angina NYHA functional class (baseline),
history of hypertension, history of hyperlipidemia, non-
smoking before operation, systolic blood pressure (baseline),
serum high density lipoprotein cholesterol (baseline), car-
diopulmonary bypass time, transfusion required at opera-
tion, postoperative number of platelets, graft occlusion (at
one year) and center.
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